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ABSTRACT 
Malaysia has been experiencing water pollution crisis over a decade and one of the 
causes is direct discharge of greywater into the drains. Therefore, phycoremediation 
of greywater especially from bathroom sources with microalgae is proposed. The 
objectives of this research are to measure the efficiency of Botryococcus sp. in 
assimilating pollutant load, to optimize the ﬂocculation process and investigate the 
interactive effects of experimental factors through Response Surface Methodology 
(RSM) design expert software.  Botryococcus sp. was inoculated in bathroom 
greywater with 4.5 x 10
6
 cell/mL for phycoremediation process. Microalgae 
Botryococcus sp. grown in bathroom greywater from House A, House B and House 
C and tested for reduction of pollutant. Results shown that the highest reduction for 
COD was at House A with 87 %, BOD5 was reduced to 96 % at House C which is the 
highest reduction, NH4
+
 highest was reduced at House A with 98 % and PO4
3-
 
highest reduction occurred at House C with 88 % on the 21
st
 day of 
phycoremediation respectively. Whereas, Moringa oleifera and Strychnos 
poatatorum were used in harvesting Botryococcus sp. in bathroom greywater via 
flocculation technique. A central composite design, which is the standard design of 
response surface methodology (RSM), was used to evaluate the effects and 
interactions of three factors, i.e. coagulant dosage, settling time and pH on the 
harvesting efficiency. Lastly, the biomass recovery was conducted via optical density 
to calculate the biomass recovery for M. oleifera and S. potatorum. The optimal 
conditions obtained from the compromise of one desirable responses, turbidity was at 
coagulant dosage of 10 mg /L, settling time of 120 min, and pH 9 respectively. The 
biomass recovery percentage for Botryococcus sp. by using Moringa oleifera and 
Strychnos potatorum were 97 % and 81 % accordingly. Therefore, this study proved 
that the cultivation of microalgae in bathroom greywater was successful in reducing 
the amount of pollutant tested in this research. 
 
vi 
 
ABSTRAK 
Malaysia telah mengalami krisis pencemaran air lebih satu dekad dan salah satu 
punca ialah pelepasan langsung air sisa kelabu ke dalam longkang. Oleh itu, kaedah 
menggunakan phycoremediation daripada air sisa kelabu terutamanya dari sumber 
mandi dengan mikroalga telah dilakukan. Objektif kajian ini adalah untuk mengukur 
kecekapan Botryococcus sp. dalam penerapan beban pencemar, untuk 
mengoptimumkan proses  penuaian dan menyiasat kesan interaktif faktor eksperimen 
melalui Response Surface Methodology (RSM) perisian pakar reka bentuk. 
Botryococcus sp. telah ditambah dengan air sisa kelabu bilik mandi dengan 4.5 x 10
6
 
sel / mL semasa proses phycoremediation. Mikroalga Botryococcus sp. dicampurkan 
dengan air sisa kelabu bilik mandi dari Rumah A, B dan C dan diuji bagi mengetahui 
pengurangan bahan pencemar. Keputusan kajian menunjukkan bahawa pengurangan 
tertinggi bagi COD adalah di Rumah A dengan 87%, BOD5 telah dikurangkan 
kepada 96% di Rumah C yang merupakan penurunan tertinggi, NH4
+
 tertinggi 
dikurangkan di Rumah A dengan 98% dan PO4
3-
 pengurangan tertinggi berlaku di 
Rumah C dengan masing-masing 88% pada hari ke-21 proses phycoremediation. 
Manakala, Moringa oleifera dan Strychnos poatatorum telah digunakan dalam 
menuai Botryococcus sp. dan air sisa kelabu bilik mandi melalui teknik 
pemberbukuan. Satu reka bentuk komposit pusat, yang merupakan reka bentuk 
standard metodologi gerak balas permukaan (RSM), telah digunakan untuk menilai 
kesan dan interaksi tiga faktor, iaitu koagulan dos, masa penetapan dan pH pada 
kecekapan menuai. Akhir sekali, pengiraan biomass itu dijalankan melalui 
ketumpatan optik untuk mengira perolehan biomas untuk M. oleifera dan S. 
potatorum. Syarat-syarat yang optimum diperolehi menunjukkan kekeruhan adalah 
pada dos koagulan 10 mg / L, masing-masing masa penetapan 120 min, dan pH 9. 
Biojisim pemulihan peratusan bagi Botryococcus sp. dengan menggunakan Moringa 
oleifera dan Strychnos potatorum adalah 97% dan 81%. Oleh itu, kajian ini 
membuktikan bahawa rawatan dan penuaian alga menggunakan air sisa kelabu bilik 
mandi telah berjaya mengurangkan jumlah pencemar diuji dalam kajian ini. 
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INTRODUCTION 
1.1 Background  
Wastewater can be classified into domestic wastewater, industrial wastewater and 
municipal wastewater. Wastewater contains contaminants that have harmful impact 
on the environment if not controlled in terms of removal. This is because wastewater 
containing nitrogen and phosphorus affects the natural ecosystem thereby causing 
eutrophication. Greywater is generated from domestic wastewater which refers to the 
untreated wastewater that is collected from household activities such as baths, 
showers, washing machines, laundry troughs, dishwashers and kitchen sinks, except 
toilet wastes  (Mohamed et al., 2014).  
 The raw bathroom greywater creates pond and small pools that supply a good 
environment for pathogenic bacteria to generate and develop into a proliferation 
environment for insect pests, poses a potential risk to human health. These harmful 
effects from bathroom greywater are likely to be more severe in slums where 
sanitation is inadequate (Katukiza et al., 2014). In Indonesia, the main sources of the 
water pollution are domestic wastewater which contributes (around 60%) and 
industrial wastewater (around 40%) discharged directly into the water bodies without 
treatment (Prihandrijanti & Firdayati, 2011).  
The quality of greywater varies depending on the source and use of 
greywater, geographical location, social habits, demographics and level of occupancy 
(Prathapar et al., 2005). For instance, the average annual household greywater 
production in Arizona is estimated to be from 30000 to 40000 gallons (Al-Jayyousi, 
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2003). In Los Angeles, domestic greywater produces about 21 to 59 gallons per 
capita which is discharged untreated into the water bodies daily representing 53-81% 
of the total wastewater generated from residents. On a worldwide level, the 
decreasing availability of conservative water sources has increased the demand for 
high quality freshwater. This initiates led the individuals to think the alternative and 
sustainable solutions to manage this precious resource.  
Water pollution is a global problem and there has been potential use of 
phycoremediation technology whereby the nutrients in greywater is used as feed for 
microalgae growth (Sharma et al., 2014).  The phycoremediation technique is useful 
in removing excess nutrients such as nitrogen, phosphorus from wastewater and also 
has ability to reduce various pollutants like BOD, COD, heavy metal, faecal coliform 
and E.coli. According to Gokulan et al., (2013) Botryococcus sp. showed good 
response towards the treatment of greywater from mens hostel, nitrogen and 
phosphorus were reduced from 14.21-0.31 ppm and 9.64-2.16 ppm considerably 
after phycoremediation.  
The selection of harvesting methods has a significant impact on the 
reusability of recycled water, as it will affect the quality of water after the harvest. 
Harvesting of algae has been described by many researchers as the main challenge in 
the production of microalgae biomass (Hamawand et al., 2014). Many different 
methods have been employed to harvest microalgal cells which includes 
centrifugation, organic and inorganic ﬂocculants, polymer, membrane ﬁltration 
technology and dissolved air ﬂotation  (Farooq et al., 2015). Some techniques such 
as centrifugation are very energy demanding, whereas organic polymers like chitosan 
are costly. Cationic polymers also have been used, but they are not as effective in 
saline culture mediums. Other harvesting methods such as electrolytic ﬂocculation 
and electro-ﬂotation also have been effectively applied with low energy cost. More 
importantly for the purpose of reusing the medium, the choice of harvest method 
must not introduce substances that are toxic to the cells nor have negative impacts on 
biomass quality.  
Optimization is usually carried out in conventional multifactor experiments 
by varying a particular factor while keeping all other factors ﬁxed at a speciﬁc set of 
conditions. It is not only time-consuming, but usually unable of reaching the true 
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optimum due to disregarding the contacts among variables. In contrast, the response 
surface method (RSM) has been projected to determine the inﬂuences of individual 
factors and their interactive inﬂuences (Wang et al., (2007).  
The RSM is a statistical method for designing experiments, building models, 
evaluating the effects of numerous factors, and searching optimum conditions for 
desirable responses. Through RSM, the relations of possible inﬂuencing parameters 
on treatment efficiency can be evaluated with a limited number of designed 
experiments. RSM is commonly used in various fields, e.g. coagulation–ﬂocculation 
process for a paper-recycling wastewater treatment (Wang et al., 2007), harvesting 
Chlorella vulgaris using a novel bio-source Strychnos potatorum (Abdul Razack et 
al., 2015), Coagulation and ﬂocculation process for dye removal using sludge from 
water treatment plant (Sadri et al., 2010), coagulation-ﬂocculation process for pulp 
mill wastewater treatment (Wang et al., 2011). 
Although there has been signiﬁcant work on algal wastewater treatment, 
however, some attempts have not been made towards harvesting microalgae 
Botryococcus sp. from phycoremediation of bathroom greywater. Hence, this present 
study is focused on the phycoremediation of bathroom greywater with microalgae 
Botryococcus sp. to reduce the amount of pollutant present in bathroom greywater 
and to harvest microalgae biomass after phycoremediation with different flocculant 
aid Moringa oleifera and Strynchnos potatorum. The microalgae biomass has 
potential to be used in producing organic fish feed, cosmetics, human nutrition, 
animal feed and biofuel for future application.   
1.2 Problem Statement 
In many parts of the world, water scarcity is one of the most significant challenges to 
human health and environmental integrity. As the world’s population grows and 
prosperity spreads, water demands increase and develop without the possibility for 
an increase in supply. The increasing demand on this limited and precious resource 
has inspired creative approach for freshwater management, including innovative 
techniques for greywater phycoremediation. Choul-gyun, (2002) comprehend that 
wastewater treatment using algae is more environmental friendly and economical as 
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it does not entail any complicated system and chemical. In many part of village 
houses in Malaysia, such as Parit Raja Johor malaysia, greywater does not receive 
any adequate treatment before it is discharged into drains, as a result, the receiving 
streams and rivers have become polluted.  
This resulted in an unhealthy environment for humans or animals, which can 
cause dangerous diseases. Environmental pollution problems also occurred as 
extreme amounts of bathroom greywater from growing populations overloaded 
nearby water bodies. Therefore, it is important to treat bathroom greywater to reduce 
the pollutant load before discharge into the drain.  
Aluminum Sulfate commonly known as Alum, is proven to be an effective 
flocculant for some species of microalgae, ﬂocculation by metal chelate such as this 
is positively improper if the harvested biomass is used for aquaculture purpose, 
animal feed or organic fertilizer. It was reported that the main component of Alum 
and Acrylamide could lead to human health implications, such as involvement in 
Alzheimer’s disease and the cause of cancers. Hence, the use of natural flocculant 
would be an option in overcoming this possibility. 
1.3 Aim and Objectives of study 
The aim of the study is to investigate the efficiency of natural flocculants in 
harvesting of Botryococcus sp. through phycoremediation of bathroom greywater. 
Based on the aim of the study, three objectives have been formulated; 
  
i. To evaluate the efficiency of phycoremediation in treating bathroom 
greywater with microalgae Botryococcus sp. 
ii. To optimize the harvesting of Botryococcus sp.from the phycoremediation 
through flocculation method using Moringa oleifera and Strychnos 
potatorum. using Response Surface Methods (RSM).  
iii. To quantify the microalgae biomass from the harvesting process of 
Botryococcus sp. 
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1.4 Scope of Study 
This study was carried out by using microalgae that was isolated from the forest of 
Endau Rompin, Johor, Malaysia. The isolates were transferred to the Faculty of 
Science and Human Development (FSTPI) laboratory University Tun Hussein Onn 
Malaysia (UTHM) for culturing. Microalgae Botryococcus sp. was used for 
phycoremediation of bathroom greywater. Meanwhile, the bathroom greywater was 
obtained from two houses in Parit Haji Rais and one house in Parit Haji Abdul Kadir, 
Batu Pahat, Malaysia. Parameters tested include Biological Oxygen Demand 
(BOD5), Chemical Oxygen Demand (COD), pH, Total Suspended Solid (TSS), 
Electrical conductivity (EC), Ammonium  4NH , Nitrate  3NO , and Orthophosphate 
(PO4
3-
).  
Harvesting of microalgae biomass was conducted using flocculation 
technique with M.oleifera seed powder and S. potatorum seed powder. Design expert 
software version 7.0 was used for optimizing factors such as dosage, pH and settling 
time via Response Surface Method (RSM). Lastly, the harvested biomass was 
quantified by optical density (OD) and dried in oven at 60°C for 24 hr, the dried 
biomass was analyzed using Scanning Electron Micrographs (SEM).  
1.5 Significance of Research 
Malaysia is one of the developing countries with so many populations and as a result 
greywater is discharged directly into the rivers. This situation is of great concern for 
the government, community dwellers, operating companies, stakeholders, 
supervisory and regulatory agencies. Therefore, this study is to produce simple 
greywater treatment that will be used commercially for public. The 
phycoremediation technique can be used as low cost product and can still reduce the 
pollutants present in bathroom greywater which are discharged directly into the water 
bodies without treatment. Throughout this research, control of pollution at the house 
level can provide a vast potential to treat bathroom greywater with Botryococcus sp. 
with a net energy savings to the water system.  
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In addition, it can decrease the need for fresh water and reduce the amount of 
greywater that enters the drains and water bodies. The microalgae biomass harvested 
has the potential to be utilized in producing fish feeds, fertilizer, pharmaceuticals, 
biofuel and cosmetics.  
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
2.1 Introduction 
This chapter discussed about the previous studies related to this research. Bathroom 
greywater characteristics and the treatments found in the literature are described. A 
review of phycoremediation, microalgae, response surface methodology, harvesting 
methods and drying method are presented.  
2.2 Bathroom greywater 
Bathroom greywater is generated from (bath, sink, and shower) which contribute 
about 59 per cent of the total usable greywater volume in a typical household (Loh & 
Coghlan, 2003). Bathroom greywater is contaminated with hair, soaps, shampoos, 
hair dyes, toothpaste, lint, nutrients, body fats, oils and cleaning products. It may also 
include some faecal contamination (and the associated pathogens) through body 
washing.  
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2.3 Characteristics of Bathroom Greywater 
The characteristics of greywater depend on the number of household occupants, the 
age difference of the occupants, their lifestyle, water usage patterns, living standards, 
social and cultural habits (i.e. type of soaps, toothpastes, shampoos, detergents, etc). 
Bathroom greywater contains soaps, shampoos, toothpaste, body care products, 
shaving waste, skin, hair, body fats, lint, and traces of urine and faeces (Jefferson et 
al., 2004). 
The strength of greywater normally is expressed in terms of pollution loads, 
which is determined from concentration of physical, chemical, and biological 
contents of the greywater. Knowledge of pollutants concentration is significant for 
selecting a particular treatment method for removal of pollutants that meets the limits 
of standard for state water disposal before final discharge into the drains. The 
strength of greywater is normally measured as mass per unit volume of wastewater 
and are expressed in milligrams per liter.  
The greywater is physically polluted by particles of dirt, food, lint, sand etc. 
The water is polluted chemically by dissolved salts such as sodium, nitrogen, 
phosphate and chloride or by organic chemicals such as oil, fates, milk, soap and 
detergents which may provide food for micro-organism and plant growth. Micro-
organism, many of which are pathogenic and contaminates greywater e.g faecal 
coliform, E.coli. Table 2.1 shows the characteristics of bathroom greywater and its 
related sources. 
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Table 2. 1: Characteristics of Bathroom Greywater and related sources 
 
*Nr=not reported 
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Table 2.1 summarizes the general characteristics of raw bathroom greywater and its 
related sources. It appeared that the organic pollutants originate from baths with 
greywater and wastewater is quiet high in terms of BOD5 and COD. For instance, 
(Teh et al., 2015) stated that the BOD5 in greywater from bathrooms in their case 
study was 349 mg/L, while in a study conducted by (Mohamed et al., 2013)  reported 
on low concentration of BOD5 ranged between 90-130 mg/L from bathroom and 
laundry greywater respectively. This variation can be due to different location of 
sampling and activities of the household occupants. Type of personal care products, 
washing of baby diapers could be the factors that increase the BOD5 concentrations 
from bathroom greywater. 
Another example is in the study carried out on the bathroom greywater from 
one unit village house in Kg. Parit Nipah by Mohamed et al., (2014) in Malaysia and 
Fountoulakis et al., (2016) reported on greywater collected from a single household 
via (bathtub, washing machine and showers) in Greece, which showed a similarity of 
elevated COD (445-621 mg/L) and (466 mg/L) compared to a low value of COD 77-
240 mg/L as reported by (Eriksson et al., 2003) on greywater from showers and hand 
basins in Denmark. Furthermore, (Utsev et al., 2011) conducted a study on the 
characteristics of bathroom greywater and reported high concentrations of TSS 
(633.23 mg/L) in greywater from bathrooms in their research.  
These differences could be related to the nature of living, geographical 
location, demographics, level of occupancy, social habits and water usage patterns 
and time (Prathapar et al., 2005; Jamrah et al., 2008). The high content of water 
quality parameters BOD5, COD and TSS indicate the high potential contamination to 
the environment if discharged untreated into the drain. 
2.4 Microalgae in the Environment  
Microalgae are photosynthetic microorganisms that are mostly multicellular, 
although some types are unicellular. They grow quickly and live in adverse 
conditions due to their simple morphology. Microalgae are classified with the 
prokaryotic or eukaryotic domain. Prokaryotic microalgae are called cyanobacteria 
(Cyanophyceae), while the eukaryotic include the green algae (Chlorophyta) and 
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diatoms (Bacillariophyta) (Mata et al., 2010). Green algae are autotrophic organisms 
which have photosynthetic organs called Chlorophyll (Parlevliet & Moheimani, 
2014). Green algae have the potential to survive and grow in different aquatic or 
terrestrial environments due to their simple structure and high cell surface/volume 
ratio that led them to have high rate of nutrient assimilation (Singh & Sharma, 2012). 
Microalgae inhabit both freshwater and marine environments, and possess a 
photo-synthetic pathway similar to that presented in land plants, as they also have 
chlorophyll and produce organic matter in the aquatic environment. Moreover, the 
inorganic compounds which include

4NH , 

3NO , 
3
4OP  are necessary for their 
growth and multiplication as well as metabolic pathways which produce oxygen. 
Microalgae are photosynthetic organism, but in the absence of sunlight, they become 
chemosynthetic and consume the dissolved oxygen available in the water bodies 
(Tebbutt, 1998). 
Algae consume a large amount of CO2 and convert it to biomass; as a result, 
they release oxygen (O2) into the atmosphere through photosynthesis at higher levels 
than that released by forests (Lam & Lee, 2012). They are able to remove urea from 
water, which intensiﬁes their bioconversion activity. Microalgae require light, sugar, 
CO, nitrogen, phosphorus and potassium for their growth, and they can synthesize 
large amounts of lipids, proteins and carbohydrates that can be processed and 
converted into biofuels and high-value-added chemical products, such as 
docosahexaenoic acid (DHA) and carotenoids (Rawat et al., 2011; Demirbas & 
Fatih, 2011).  
In terms of biomass, algae form the world's largest group of primary 
producers, responsible for at least 32% of global photosynthesis (Kumar et al., 
2015). Microalgae can be cultivated and harvested throughout the year in arid 
regions using water that is unsuitable for agricultural purposes, indeed the use of 
potable water can also be minimized by incorporating microalgae cultivation with 
wastewater management (Difusa et al., 2015). Currently, commercial production of 
microalgae biomass was utilized as organic fish feed, cosmetics, pharmaceutical, 
human nutrition, animal feed and biofuel are examples of high value products 
through microalgae harvesting (Kim et al., 2013). 
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Microalgae have many functions in environmental biotechnology, 
particularly for bioremediation, bioassay and biomonitoring of environmental 
toxicants. Also, these organisms can ﬁx CO2 from the atmosphere and thus 
contribute to greenhouse gas (GHG) reduction (Kim et al., 2013). Abdel-Raouf et al., 
(2012) stated that algae can be used in wastewater treatment for a variety of purposes 
such as the reduction of both chemical and biochemical oxygen demand, of nitrogen 
and phosphorus, as well as the removal of heavy metals. They also indicated that the 
microalgae can be used for the removal of coliform bacteria.  
2.5 Phycoremediation Process  
Phycoremediation is the process of using algae to get rid of excess nutrient load from 
wastewater and subsequently reduce the pollution load and eutrophication (Sharma et 
al., 2014). Phycoremediation is the use of microalgae to remediate environmental 
pollution; also, as a growing technology, the research on phycoremediation has to be 
advanced to conquer difficult environmental problems. Phycoremediation technology 
consists of different applications such as nutrient removal from municipal 
wastewater and effluent rich in organic matter and metal treatment from wastewater 
(Soeprobowati and Hariyati, 2014). The phycoremediation process plays an 
important role during the tertiary treatment of domestic wastewater in maturation 
ponds or the treatment of small to middle-scale domestic wastewater in facultative or 
aerobic ponds (Rawat et al., 2011).  
2.5.1 Advantages of Phycoremediation 
Microalgae play an important role during the tertiary treatment of domestic 
wastewater in maturation ponds or the treatment of small to middle-scale domestic 
wastewater in facultative or aerobic ponds (Rawat et al., 2011). Nitrogen uptake 
could be increased if the microalgae were preconditioned by starvation. These hyper 
concentrated algal cultures, called ‘activated algae’ were shown to decrease the land 
and space requirements for microalgae treatment of wastewaters. This process 
removed nitrogen and phosphorus within very short period of time.  
14 
 
There is proof that production of microalgae, given proper conditions, may be high 
enough even during colder periods to be of interest for wastewater treatment. 
However, this is to be established under the actual local environmental conditions, 
since many strong changeable factors are involved when defining micro algal growth 
and species composition. Microalgae can be efficiently used to remove significant 
amount of nutrients because they require high amounts of nitrogen and phosphorus 
for protein, nucleic acid and phospholipid synthesis.  
2.6 Feasibility of Microalgae for Greywater and Related Wastewater 
Treatment 
Algae globally comprises of thousands of diverse strains that, combined with the 
current advances in bioremediation, offer a good starting point for the improvement 
of algal cultivating systems based on the treatment of wastewaters. Strain selection 
and adaptation of strains with desirable character s that allocate the use of water 
chattels of varying water quality also play important roles in the outlook of using 
microalgae. Industrial wastewaters are widely varied and the microalgae involved to 
treat these wastewaters also vary accordingly. Some of the algae strains which are 
used most frequently are listed: Chlorella vulgaris, Scenedesmus dimorphus, 
Botryococcus braunii, Spirulina sp. and Phormidium sp. seem to be the ideal species 
due to their good growth ability and good tolerance of different environmental 
conditions.  
Future algal strain development will explore methodologies for waste water 
treatment to screen and improve new strains that yield high growth and high value 
added products. Most of the algae research on the treatment of wastewater has come 
from the assessment of laboratory basis pilot pond scale and small scale cultures and 
from the experimental high-rate algal ponds. A lot of studies have focused on the 
growth of microalgae under different wastewater environment, mainly growth in the 
agricultural manure wastewater and municipal sewage wastewater.  
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2.6.1 Botryococcus sp. 
Among the numerous freshwater microalgae that have been studied frequently and 
extensively in the world, Botryococcus sp. is one of such algae (Shen et al., 2008) 
more particularly in the area of hydrocarbon production. Botryococcus sp. is a green 
freshwater microalga that can be found in both freshwater and brackish water bodies, 
pond and reservoirs. Microalgae usually develop a shallow water body that is 
subjected to relatively low precipitation. Botryococcus sp. is important due to its 
biotechnological applications and can be grown under laboratory conditions. Various 
species of Botryococcus sp. may have different tolerance to brackish water 
conditions and may have an important role in bioremediation of polluted water 
bodies including nutrients and heavy metals. The classification of Botryococcus sp. is 
given below; 
 
Kingdom: Plantae 
Division: Chlorophyta 
Class: Trebuoxiophyceae 
Family: Botryococcaceae 
Genus: Botryococcus   
  
Microalgae can be efficiently used to remove a significant amount of nutrients 
because they require high amounts of nitrogen and phosphorus for protein, nucleic 
acid and phospholipid synthesis. Table 2.2 presents a review of phycoremediation of 
different types of wastewater with microalgae. In the study by Gani et al., (2015) and 
Gokulan et al., (2013) the phycoremediation of greywater with Botryococcus sp. had 
reduced the parameters by 66-82% for BOD, 85.6-88% for COD and 52% for TN.  
S. dimorphus had the efficiency to absorb the nutrients from wastewater from 
palm oil mall effluents by 99.5% for TN and 98.8% for TP (Kamarudin et al., 2013), 
while S. obliquus only removed 59% of TN and 24% of TP from swine wastewater 
(Abou-Shanab, Ji, Kim, Paeng, & Jeon, 2013), indicating the role of wastewater and 
microalgae species in the effectiveness of the phycoremediation process. Chlorella 
sp. exhibited a high efficiency for the removal of COD, TN and TP from different 
16 
 
types of wastewater. Moreover, the maximum reduction of COD (93.39%) and TN 
(79.33) were reported in wastewater generated from rubber latex concentrate 
processing (Abdul & Bakti, 1999).  
The TN and TP removal from wastewater during the phycoremediation 
process is dependent on light, temperature, pH and nutrients where these factors 
directly affect the amount of microalgae growth. Moreover, among these factors, 
light and nutrients are the most critical points in the production of biomass. Nutrients 
affect the microalgae density at the beginning of the growth curve while the growth 
rate for each cell depends on the light intensity. In the increase of the incubation 
period, the microalgae cells’ density increase, but that leads to the prevention of the 
transmission of the light intensity through the microalgae biofilm and reduce the 
growth rate of the cell (Larsdotter, 2006). However, the light is not the sole source of 
carbon, since some microalgae can use organic matters such as biodegradable 
organic compounds in the wastewater as a source for carbon and energy, which does 
mean that some microalgae might get the energy and carbon as heterotrophic 
organisms (Borowitzka, 1998).    
Nitrogen represents between 7 to 10% of the microalgae cells’ dry weight 
(Richmond, 2004). The nitrogen removal from wastewater by microalgae is direct or 
indirect. In the direct process, the removal is due to the assimilation by the 
microalgae cells. In the indirect process, the removal process is due to the changes in 
the characteristics of the wastewater which happens as a result of microalgae activity. 
For instance, ammonia which represents the most prevalent nitrogen sources in 
wastewater is removed from the wastewater during the phycoremediation process 
due to loss to the atmosphere at high values of pH (Olguín et al., 2003). More 
removal of ammonia is reported with low aeration in a comparison to high aeration 
due to the utilization of available CO2 and thus the pH value is raised.  
The importance of phosphorous of microalgae cell lies in the production of 
phospholipids, DNA, RNA and ATP phosphorus which are necessary for the 
metabolic pathways that involve energy transfer and nucleic acid synthesis 
(Richmond, 2004). Microalgae cells need phosphorus in inorganic form (Becker, 
1994) but the organic phosphorus is also required to be converted to orthophosphates 
that are available on the cell surface. The biological removal of phosphorus is due to 
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the degradation process of the phosphorus compounds in the wastewater by using 
phosphoresterases or phosphatases before the uptake into the cell to be stored as a 
polyphosphate and metaphosphates granules to face the deficiency of phosphorus 
during the prolonged growth (Oliver & Ganf, 2000; Liu et al., 2014). 
Table 2. 2: A Review of Phycoremediation of Several Sources of Wastewater with 
Microalgae 
References Microalgae Source of 
wastewater 
Parameters Country 
Gani et al., 
(2015) 
Botryococcu
s Braunii 
Greywater BOD 82%, COD 88%, TN 52%, 
TOC 39%, pH 7, TIC 76% 
Malaysia 
Gokulan et al., 
(2013) 
Botryococcu
s sp. 
Greywater BOD 66.74%, COD 85.61, TSS 
12.3, TDS 312, pH 7.51, TS 
401.3, 

4NH  0.31, total coliform 
0.416,   Phosphorus 2.16 and 
Nitrate   0.073 
India 
Abou-Shanab 
et al., (2013) 
Scenedesmu
s obliquus 
Swine wastewater TN 59%, TP 24%, IC 27% Korea 
Kamarudin et 
al., (2013) 
Scenedesmu
s dimorphus 
Anaerobically 
digested palm oil 
mill effluent 
NNH 3  99.5%, P 98.8%, 
COD 86%, BOD 86.5%. 
Malaysia 
Kothari et al., 
(2012) 
 
Chlorella 
pyrenoidosa 
Dairy wastewater 
 

3NO  49.09%,  

2NO  79.06%, P 
83.23% , Fe 32.0% 
 
India 
 
 
Min et al., 
(2011) 
Chlorella 
sp. 
Centrate 
Municipal 
wastewater 
COD 70%. TKN 61%, P 61%. USA 
Rao et al., 
(2011) 
Chlorella 
vulgaris 
Leather 
processing 
chemical 
manufacturing 
facility 
Calcium 63%, Mg 50%, Na 14%, 
K 18%, 

4NH   80%, Ni 89%, 

3NO  29%, TKN 73%, BOD 
22%, COD 38%. 
India 
Kim et al., 
(2007) 
Scenedesmu
s sp. 
Fermented swine 
wastewater 
TP 83.2%, TN 87%, TC 12.9% Korea 
Phang et al., 
(2000) 
Spirulina 
platensis 
Sago starchy 
wastewater 
COD 98%, NNH 3  99.9%, 
Phosphate 99.4% 
Malaysia 
Abdul & Bakti, 
(1999) 
Chlorella 
vulgaris 
Rubber latex 
concentrate 
COD 93.39%, TKN 79.33% Malaysia 
 
2.7 Wastewater standard guideline 
The pollutants in sewage are measured in order to better understand and thus 
facilitate the treatment of sewage as well as to examine the effects of effluent or 
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treated sewage on the environment. Effluent from all public sewage treatment plants 
is sampled at regular intervals and tested in modern laboratories to ensure that it 
meets the required standards. Tests are carried out as part of a monitoring 
programme in keeping with Indah Water's operational license conditions and to 
ensure the efficient operation of treatment processes. This provides for a cleaner and 
safer environment that improves the living conditions of Malaysians. The two most 
important parameters measured are Biochemical Oxygen Demand (BOD) and 
Suspended Solids (SS).  
BOD is a measure of the amount of oxygen that sewage consumes over a 
given time. High BOD is significant because it means that sewage will rapidly 
consume all the naturally-dissolved oxygen in streams, rivers and lakes, thus killing 
off all aquatic life, and rendering the water septic and foul-smelling. SS is a measure 
of the undissolved material in sewage. High SS leads to sludge deposits in the 
waterways, thus causing significant environmental deterioration. 
Effluent that is discharged upstream of a water supply intake should meet Standard 
A, while effluent that is discharged downstream has to meet Standard B. These 
standards are set by the Environmental Quality Act 1974 (table 2.3). Since there is no 
specific standard for greywater effluent discharge, the standard A and B was used in 
comparison with bathroom greywater characteristics. 
Table 2.3: Environment Quality (Sewage) Regulations 2009 
Parameter Unit 
Standards 
A B 
pH Value - 6.0-9.0 5.5-9.0 
BOD5 at 20°C mg/l 20 50 
COD mg/l 120 200 
Suspended Solids mg/l 50 100 
Ammiacal 
Nitrogen 
mg/l 10 20 
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2.8 Response Surface Methodology (RSM) 
Optimizing the important parameters in the coagulation-flocculation method through 
the classical technique involves the altering of one variable at a time while fixing all 
other variables at one level and studying the effect of the variable on the response. 
This is an extremely prolonged, expensive, and complicated process for a multi-
variable system. To overcome this problem, statistical experimental design 
techniques using the response surface methodology (RSM) was applied. The RSM 
technique can develop product yields and provide closer confirmation of the output 
response toward the nominal and target requirements (Ahmad et al., 2005).  
Response surface methodology (RSM) is a capable way to achieve 
optimization by analyzing and modeling the effects of several variables and their 
responses and finally optimizing the process. This method has been widely used for 
the optimization of various processes in food chemistry, material science, chemical 
engineering and biotechnology (Granato et al., 2010).   
In conventional multifactor experiments, optimization is generally carried out 
by changing a single factor while keeping all other factors fixed at a precise set of 
conditions. It is not only prolonged, but also unable of reaching the true optimum due 
to ignoring the interactions among other variables. Alternatively, the response 
surface methodology (RSM) has been proposed to determine the influences of 
individual factors and their interactive influences. With RSM, the interactions of 
possible inﬂuencing parameters on treatment efﬁciency can be evaluated with a 
limited number of planned experiments (Wang et al., 2007). 
2.9 Microalgae Harvesting Method 
Microalgal harvesting methods presently involves mechanical, chemical, biological 
and to a lesser extent electrical based methods. However, two or more of these 
methods can be applied to obtain a greater separation rate at a lower cost. In fact, the 
combination of flocculation-sedimentation with centrifugation can significantly 
reduce process cost (Schlesinger et al., 2012; Granados et al., 2012), meanwhile, 
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biological approach is a rising technique that can lead to further reduction of 
operational cost.  
These methods are often arranged by a chemical or biological coagulation-
flocculation thickening stage to improve effectiveness and to reduce function and 
maintenance cost (Barros et al., 2015). The concern of selecting harvesting method 
are based on sufficient level of moisture, salt concentrations, cell damage and strain 
features such as their density and size. The selection of harvesting technique is 
dependent on the properties of microalgae, such as density, size, value of the desired 
products (Brennan & Owende, 2010). Microalgae harvesting can generally be 
divided into a two-step process, including: 
 
Mass harvesting: The function of this is to separate microalgal biomass from the 
bulk suspension. By this process, the total solid mater can reach upto 2–7% by using 
ﬂocculation, ﬂotation, or gravity sedimentation (Brennan & Owende, 2010). 
 
Thickening: The purpose of this harvesting technique is to concentrate the slurry, 
with ﬁltration and centrifugation generally applied in the process. This step requires 
more energy than mass harvesting (Brennan & Owende, 2010).  
 
Hence, the harvesting method must not be toxic or contaminate microalgal biomass 
(Uduman et al., 2010). Table 2.4 illustrated the most common harvesting methods 
for microalgae biomass from culture media.  
Table 2.4: Review on Different Harvesting Techniques 
Researcher Type of 
microalgae 
Type of 
wastewater 
Harvesting method Biomass 
recovery 
Country 
Lee et al., 
(2014) 
Chlorella sp Freshwater Flocculation (Bare 
magnetic particles) 
97 % Republic of 
Korea 
Gentili, (2014) Scenedesmus 
dimorphus and 
Selenastrum 
minutum 
Local 
municipal 
treatment 
plant 
Centrifugation 
(Ammonium and 
phosphate) 
96 % & 91 
% 
Swedin 
Letelier-Gordo 
et al., (2014) 
Chlorella 
vulgaris, 
Scenedesmus 
obliquus and 
Chlorococcum 
sp. 
Freshwater Flocculation 
(cationic starch) 
98 % Denmark 
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Mata et al., 
(2013) 
Scenedesmus 
obliquus 
Brewery Centrifugation n.a Portugal 
Ji et al., (2013) Scenedesmus 
obliquus 
Piggery 
wastewater 
effluent 
Filtration 99 % South Korea 
Lee et al., 
(2013) 
Tetraselmis sp Marine Electro-
flocculation 
n.a Australia 
Li et al., 
(2011) 
Chlorella sp. Municipal 
wastewater 
Sedimentation and 
filtration 
90.8%. USA 
Granados et 
al., (2012) 
Chlorella 
vulgaris and 
Scenedesmus sp. 
Fresh water Flocculation 
(chitosan, metal 
salt and 
polyelectrolyte) 
90 % Spain 
*n.a=not available 
 
The table 2.4 presents the different harvesting techniques and biomass recovery from 
different researchers. However, in the study of Lee et al., (2014) and Letelier-Gordo 
et al., (2014), both researchers used flocculation technique in harvesting microalgae 
Chlorella sp and achieved a significant biomass recovery of 97 % and 98 % 
respectively. 
 Granados et al., (2012) used flocculation method to harvest Chlorella sp. and 
Scenedesmus sp. with biomass yield of 90 %. Therefore, harvesting microalgae 
through flocculation provides lower impact on the environment, lower cost for 
microalgae harvesting, allow rapid microalgae culture expansion and high biomass 
recovery. Moreover, Gentili, (2014) and Mata et al., (2013) reported harvesting 
microalgae Scenedesmus sp. by centrifugation; they both attained a biomass recovery 
of 96 % and 91 % accordingly.  Hence, centrifugation is the fastest method which 
provide high biomass yield but the method is expensive and requires more energy. 
 Ji et al., (2013) and Li et al., (2011) studied the filtration technique in 
harvesting Chlorella sp and Scenedesmus sp. the biomass yield was tremendously 
high with 90.8 % and 99 % respectively. Hence, this study reveals the potential of 
filtration as a low-cost microalgae harvesting process. 
2.9.1 Centrifugation 
Centrifugation is one of the fastest harvesting method, but also the most expensive 
due to its high energy use, which restricts its application to high-valued products, 
such as highly unsaturated fatty acids, pharmaceuticals, biofuels and other 
22 
 
commodities (Wan et al., 2015; Uduman et al., 2010). The process is efficient, with 
biomass recovery of 80–90 % within 2–5 min (Chen et al., 2011). 
Generally for high-value products, such as food or aquaculture applications, 
centrifugation is often suggested to recover high-quality algae without chemical and 
bacterial contamination of the raw product (Kim et al., 2013).  However, there are 
evidences that the exposure of microalgal cells to high gravitational and shear forces 
results in cell structure damage (Griffiths et al., 2011). Centrifugation recovery was 
evaluated in a research by (Molina et al., 2003), this research compared different 
applications of centrifugation for the harvesting of microalgae and concluded that 
although centrifugation recovery is energy intensive, it is rapid and a preferred 
method for microalgal cell recovery. Cell viability was found to be signiﬁcantly 
dependent on the microalgal species and the method of centrifugation. In the study of 
Knuckey et al., (2006) revealed that although centrifugation is a successful 
dewatering method, the exposure of microalgal cells to high gravitational and shear 
forces can damage cell structure. Also, the processing of large volumes of culture 
could be time consuming and costly (Molina et al., 2003).  
2.9.2 Filtration 
Filtration is mainly a dewatering means and it is normally applied following 
coagulation/flocculation to improve harvesting efficiency. Its application requires the 
maintenance of a pressure drop across the system to force ﬂuid ﬂow through a 
membrane. In this process, microalgal deposits on the ﬁltration membrane tend to 
grow thicker throughout the process, increasing resistance and decreasing ﬁltration 
ﬂux upon a constant pressure drop (Barros et al., 2015). 
Membrane ﬁltration has been widely utilized in biotechnological applications 
due to its high separation efficiency, simple and continuous operation, and no 
requirement of chemicals in the process. For microalgae-based biofuel production 
membrane ﬁltration can also facilitate recycling of the culture medium used for the 
cultivation of microalgae to retain the residual nutrients in the culture medium and to 
remove the protozoans and viruses (Ahmad et al., 2012). In addition, membrane 
ﬁltration can simplify subsequent processes, e.g., extraction, conversion, reﬁning, 
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and the use of the residual biomass, without the use of coagulants (Zhang et al., 
2010). 
2.9.2.1 Filtration and Screening 
Various harvesting process to recover biomass and the related economic costs were 
reviewed by (Molina et al., 2003), screening involves introducing the suspension 
through a screen with a particular pore size. The primary screening devices in 
microalgae harvesting are microstrainer and vibrating screen ﬁlters. Microstrainers 
can be realized as rotating ﬁlters with ﬁne mesh screens with frequent backwash. A 
high microalgal concentration can result in blocking the screen, whereas a low 
microalgal concentration can result in inefﬁcient capture (Wilde et al., 1991). 
Microstrainers have several advantages, such as simplicity in function and 
construction, easy operation, low investment, negligible abrasion as result of absence 
of quickly moving parts, being energy-intensive and having high ﬁltration ratios. 
Molina et al., (2003) discovered that ﬁlters which function under pressure or in a 
vacuum are able to recover relatively large microalgae, although they failed when 
applied to organisms approaching bacterial dimensions. Tangential ﬂow ﬁltration is a 
high rate method for microalgal harvesting, and (Petrusevski et al., 1995) recovered 
70–89% freshwater algae using this method. Moreover, tangential ﬂow ﬁltration 
maintains the structure, properties and motility of the collected microalgae. 
2.9.2.2 Tangential Flow Filtration 
Tangential ﬂow ﬁltration or cross flow filtration is a filtration system that has the 
potential to be very potential for the recovery of large volumes of microalgal culture. 
In tangential flow filtration, the medium flow tangentially across a membrane. The 
retentate is recirculated across the membrane, keeping the cells in suspension and 
minimizing fouling. Particles with sizes lesser than the pores of the membrane are 
able to pass through, while those larger in size are retained. The form of membrane 
used in this method may be an ultraﬁltration membrane or microporous membrane, 
both available in a wide range of pore sizes or molecular weight cutoffs (Petrusevski 
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et al., 1995). As Molina et al., (2003) reported, microﬁltration and ultraﬁltration are 
feasible alternatives that could be used to recover microalgae. The benefit of 
tangential ﬂow ﬁltration over other recovery techniques such as conventional 
ﬁltration, centrifugation, ﬂocculation, and sedimentation is that better ﬁltration rates 
can be achieved to totally eliminate debris and microalgal cells.  
 Petrusevski et al., (1995) conducted a study on the aptness of tangential ﬂow 
ﬁltration for the recovery of microalgae. The tangential ﬂow ﬁltration system 
included a membrane with a pore size of 0.45-m. It was found that the system could 
successfully recover large volumes of microalgal culture, with the overall microalgal 
biomass recovery being 70%–89%. It was also discovered that the system was able 
to preserve the structure and properties such as motility and negative surface charge 
of the microalgal biomass. 
2.9.3 Magnetic Separation 
Magnetic microalgal harvest entails the use of both functionalized magnetic particles 
and an external magnetic ﬁeld. Both the microalgal cells and the magnetic particles 
have negatively charged surfaces in aqueous medium; these cationic polyelectrolytes 
are needed as bridges between the magnetic particles on the algal cells (Toh et al., 
2012). Cationic binder-modiﬁed magnetic particles and microalga cells are 
incorporated through direct linking or electrostatic interactions. After the microalgal 
cells are linked with the magnetic particles, the cells can be harvested with an 
external magnetic field from the aqueous solution. There are two approach that use 
cationic binders to encourage the binding of magnetic particles on algal cells: 
attached-to and immobilized-on (Lim et al., 2012).  
For the attached-to approach, the surface of the microalgal cells are ﬁrst 
modiﬁed with cationic binders, and then the magnetic particles are added. In contrast, 
the magnetic particles are functionalized with cationic binders in the immobilized-
onstrategy. Lim et al., (2012) applied iron oxide nanoparticles (NPs) and the cationic 
polyelectrolyte poly diallyldimethylammonium chloride (PDDA) to the harvesting of 
the freshwater microalgae Chlorella sp. and demonstrated that a higher removal 
REFERENCES 
Abdel-Raouf, N., Al-Homaidan,  a. a., & Ibraheem, I. B. M. (2012). Microalgae and 
wastewater treatment. Saudi Journal of Biological Sciences, 19(3), 257–275.  
Abdul Hamid, S. H., Lananan, F., Din, W. N. S., Lam, S. S., Khatoon, H., Endut, A., 
& Jusoh, A. (2014). Harvesting microalgae, Chlorella sp. by bio-flocculation of 
Moringa oleifera seed derivatives from aquaculture wastewater 
phytoremediation. International Biodeterioration Biodegradation, 95, 270–275.  
Abdul Razack, S., Duraiarasan, S., Santhalin Shellomith,  a. S., & Muralikrishnan, K. 
(2015). Statistical optimization of harvesting Chlorella vulgaris using a novel 
bio-source, Strychnos potatorum. Biotechnology Reports, 7, 150–156.  
Abdul, N., & Bakti, K. (1999). Combination of Chlorella Vulgaris and Eichhornia 
Crassipes for Wastewater Nitrogen Removal, 33(10), 2357–2362. 
Abou-Shanab, R. A. I., Ji, M.-K., Kim, H.-C., Paeng, K.-J., & Jeon, B.-H. (2013). 
Microalgal species growing on piggery wastewater as a valuable candidate for 
nutrient removal and biodiesel production. Journal of Environmental 
Management, 115, 257–264.  
Ahmad, A., Ismail, S., & Bhatia, S. (2005). Optimization of coagulation-flocculation 
process for palm oil mill effluent using response surface methodology. 
Environmental Science & Technology, 39(8), 2828–2834.  
Ahmad, A. L., Mat Yasin, N. H., Derek, C. J. C., & Lim, J. K. (2011). Optimization 
of microalgae coagulation process using chitosan. Chemical Engineering 
Journal, 173(3), 879–882.  
Ahmad, A. L., Mat Yasin, N. H., Derek, C. J. C., & Lim, J. K. (2012). Crossflow 
microfiltration of microalgae biomass for biofuel production. Desalination, 302, 
65–70.  
Al-jayyousi, O. R. (2003). Greywater reuse : towards sustainable water management, 
56(May), 4–8. 
80 
 
Altschul, S. F., Madden, T. L., Schäffer, A. A., Zhang, J., Zhang, Z., Miller, W., & 
Lipman, D. J. (1997). Gapped BLAST and PSI-BLAST: A new generation of 
protein database search programs. Nucleic Acids Research.  
Amrita Difusa, Mohanty, K., & Goud, V. V. (2015). Advancement and Challenges in 
Harvesting Techniques for Recovery of Microalgae Biomass. Environmental 
Sustainability, 159–169.  
Amuda, O. S., & Amoo, I. A. (2007). Coagulation/flocculation process and sludge 
conditioning in beverage industrial wastewater treatment. Journal of Hazardous 
Materials, 141(3), 778–783.  
Aslan, S., & Kapdan, I. K. (2006). Batch kinetics of nitrogen and phosphorus 
removal from synthetic wastewater by algae. Ecological Engineering, 28(1), 
64–70. 
Petru, B., & Bolier, G. (1995). Tangential flow filtration : A method to. algae, 1419–
1424. 
Barros, A. I., Gonçalves, A. L., Simões, M., & Pires, J. C. M. (2015). Harvesting 
techniques applied to microalgae : A review, 41, 1489–1500.  
Becker, E. W. (1994). Microalgae: biotechnology and microbiology (1st Editio.). 
New York, USA: Cambridge University Press. 
Bilanovic, D., Shelef, G., & Sukenik, A. (1988). Flocculation of microalgae with 
cationic polymers - Effects of medium salinity. Biomass, 17(1), 65–76.  
Borowitzka, M. A. (1998). Wastewater Treatment with Algae. (Y.-S. Wong & N. F. 
Y. Tam, Eds.) (1st Editio.). Georgetown, USA: Springer Berlin Heidelberg.  
Brady, P. V., Pohl, P. I., & Hewson, J. C. (2014). A coordination chemistry model of 
algal autoflocculation. Algal Research, 5(1), 226–230.  
Brennan, L., & Owende, P. (2010). Biofuels from microalgae-A review of 
technologies for production, processing, and extractions of biofuels and co-
products. Renewable and Sustainable Energy Reviews, 14(2), 557–577.  
Chaillou, K., Gérente, C., Andrès, Y., & Wolbert, D. (2011). Bathroom greywater 
characterization and potential treatments for reuse. Water, Air, and Soil 
Pollution, 215(1-4), 31–42.  
81 
 
Chen, C. Y., Yeh, K. L., Aisyah, R., Lee, D. J., & Chang, J. S. (2011). Cultivation, 
photobioreactor design and harvesting of microalgae for biodiesel production: A 
critical review. Bioresource Technology, 102(1), 71–81. d 
Chen, Y. M., Liu, J. C., & Ju, Y. H. (1998). Flotation removal of algae from water. 
Colloids and Surfaces B: Biointerfaces, 12(1), 49–55.  
Ching, W., Herath, G., Sarker, A., & Masuda, T. (2016). River and fi sh pollution in 
Malaysia : A green ergonomics perspective. Applied Ergonomics, 57, 80–93.  
Choul-gyun, L. and. (2002). Nitrogen Removal from Wastewaters by Microalgae 
Without Consuming Organic Carbon Sources. J. Microbiol. Biotechnol, 12, 
979–985. 
Coleman, A., Suarez, A., & Goff, L. (1994). Molecular delineation of species and 
syngens in volvocacean green algae (Chlorophyta). Journal of Phycology.  
Cullings, K. W. (1992). Design and testing of a plant-specific PCR primer for 
ecological and evolutionary studies. Molecular Ecology, 1(4), 233–240.  
Demirbas, A., & Fatih Demirbas, M. (2011). Importance of algae oil as a source of 
biodiesel. In Energy Conversion and Management (Vol. 52, pp. 163–170).  
Divakaran, R., & Pillai, V. N. S. (2002). Flocculation of algae using chitosan. 
Journal of Applied Phycology, 14(5), 419–422.  
Edzwald, J. K. (1993). Algae, bubbles, coagulants, and dissolved air flotation. In 
Water Science and Technology (Vol. 27, pp. 67–81). 
Eriksson, E., Auffarth, K., Eilersen,  a. M., Henze, M., & Ledin,  a. (2003). 
Household chemicals and personal care products as sources for xenobiotic 
organic compounds in grey wastewater. Water SA, 29(2), 135–146.  
Errais, E., Duplay, J., & Darragi, F. (2010). Textile dye removal by natural clay-case 
study of Fouchana Tunisian clay. Environmental Technology, 31(4), 373–80.  
Farooq, W., Moon, M., Ryu, B., Suh, W. I., Shrivastav, A., Park, M. S., Yang, J.-W. 
(2015). Effect of harvesting methods on the reusability of water for cultivation 
of Chlorella vulgaris, its lipid productivity and biodiesel quality. Algal 
Research, 8, 1–7.  
82 
 
Fountoulakis, M. S., Markakis, N., Petousi, I., & Manios, T. (2016). Single house on-
site grey water treatment using a submerged membrane bioreactor for toilet 
flushing. Science of The Total Environment, 551-552, 706–711.  
Gani, P., Sunar, N. M., Latiff,  a a, Kamaludin, N. S., Parjo, U. K., Emparan, Q., & 
Er, C. M. (2015). Experimental Study for Phycoremediation of Botryococcus sp 
. On Greywater. Applied Mechanics and Materials, 773-774(2015), 1312–1317.  
Gani, P., Sunar, N. M., Matias-Peralta, H., Abdul Latiff, A. A., & Abdul Razak, A. 
R. (2016). Influence of initial cell concentrations on the growth rate and 
biomass productivity of microalgae in domestic wastewater. Applied Ecology 
and Environmental Research, 14(2), 399–409.  
Gentili, F. G. (2014). Microalgal biomass and lipid production in mixed municipal, 
dairy, pulp and paper wastewater together with added flue gases. Bioresource 
Technology, 169, 27–32.  
Ghebremichael, K. A., Gunaratna, K. R., Henriksson, H., Brumer, H., & Dalhammar, 
G. (2005). A simple purification and activity assay of the coagulant protein 
from Moringa oleifera seed. Water Research, 39(11), 2338–2344.  
Gokulan, R., Sathish, N., & Kumar, R. P. (2013). Treatment Of Grey Water Using 
Hydrocarbon Producing Botryococcus braunii, 5(3), 1390–1392. 
Granados, M. R., Acién, F. G., Gómez, C., & Grima, E. M. (2012). Bioresource 
Technology Evaluation of flocculants for the recovery of freshwater microalgae. 
Bioresource Technology, 118, 102–110.  
Granato, D., de Castro, I. A., Ellendersen, L. S. N., & Masson, M. L. (2010). 
Physical stability assessment and sensory optimization of a dairy-free emulsion 
using response surface methodology. Journal of Food Science, 75(3), 149–155.  
Griffiths, M. J., Garcin, C., van Hille, R. P., & Harrison, S. T. L. (2011). Interference 
by pigment in the estimation of microalgal biomass concentration by optical 
density. Journal of Microbiological Methods, 85(2), 119–123.  
Hamawand, I., Yusaf, T., & Hamawand, S. (2014). Growing algae using water from 
coal seam gas industry and harvesting using an innovative technique: A review 
and a potential. Fuel, 117, 422–430.  
83 
 
Hanotu, J., Bandulasena, H. C. H., & Zimmerman, W. B. (2012). Microflotation 
performance for algal separation. Biotechnology and Bioengineering, 109(7), 
1663–1673.  
Jamrah, A., Al-Futaisi, A., Prathapar, S., & Harrasi, A. a. (2008). Evaluating 
greywater reuse potential for sustainable water resources management in Oman. 
Environmental Monitoring and Assessment, 137(1-3), 315–327.  
Jefferson, B., Palmer, A., Jeffrey, P., Stuetz, R., & Judd, S. (2004). Grey water 
characterisation and its impact on the selection and operation of technologies for 
urban reuse. Water Science and Technology, 50(2), 157–164. 
Ji, M. K., Kim, H. C., Sapireddy, V. R., Yun, H. S., Abou-Shanab, R. A. I., Choi, J., 
Jeon, B. H. (2013). Simultaneous nutrient removal and lipid production from 
pretreated piggery wastewater by Chlorella vulgaris YSW-04. Applied 
Microbiology and Biotechnology, 97(6), 2701–2710.  
Kamarudin, Kamrul Fakir; Yaakob, Z., Rajkumar, R., Takriff, M. S., & Tasirin, S. 
M. (2013). Bioremediation of Palm Oil Mill Effluents (POME) Using 
Scenedesmus dimorphus and Chlorella vulgaris. Advanced Science Letters, 
19(10), 2914–2918. 
Katukiza,  a. Y., Ronteltap, M., Niwagaba, C. B., Kansiime, F., & Lens, P. N. L. 
(2014). Grey water characterisation and pollutant loads in an urban slum. 
International Journal of Environmental Science and Technology.  
Kim, J., Yoo, G., Lee, H., Lim, J., Kim, K., Kim, C. W., … Yang, J. W. (2013). 
Methods of downstream processing for the production of biodiesel from 
microalgae. Biotechnology Advances, 31(6), 862–876.  
Kim, J., Yoo, G., Lee, H., Lim, J., Kim, K., Woong, C., Yang, J. (2013). Methods of 
downstream processing for the production of biodiesel from microalgae. 
Biotechnology Advances, 31(6), 862–876.  
Kim, M. K., Park, J. W., Park, C. S., Kim, S. J., Jeune, K. H., Chang, M. U., & 
Acreman, J. (2007). Enhanced production of Scenedesmus spp. (green 
microalgae) using a new medium containing fermented swine wastewater. 
Bioresource Technology, 98(11), 2220–2228.  
84 
 
Knuckey, R. M., Brown, M. R., Robert, R., & Frampton, D. M. F. (2006). Production 
of microalgal concentrates by flocculation and their assessment as aquaculture 
feeds. Aquacultural Engineering, 35(3), 300–313.  
Koopman, B., & Lincoln, E. P. (1983). Autoflotation harvesting of algae from high-
rate pond effluents. Agricultural Wastes, 5(4), 231–246.  
Kothari, R., Pathak, V. V., Kumar, V., & Singh, D. P. (2012). Experimental study for 
growth potential of unicellular alga Chlorella pyrenoidosa on dairy waste water: 
An integrated approach for treatment and biofuel production. Bioresource 
Technology, 116, 466–470.  
Kumar, K. S., Dahms, H., Won, E., Lee, J., & Shin, K. (2015). Ecotoxicology and 
Environmental Safety Microalgae – A promising tool for heavy metal 
remediation. Ecotoxicology and Environmental Safety, 113, 329–352.  
Lam, M. K., & Lee, K. T. (2012). Microalgae biofuels: A critical review of issues, 
problems and the way forward. Biotechnology Advances.  
Larsdotter, K. (2006). Wastewater treatment with microalgae – a literature review. 
Vatten, 62, 31–38. 
Lee, A. K., Lewis, D. M., & Ashman, P. J. (2013). Harvesting of marine microalgae 
by electroflocculation: The energetics, plant design, and economics. Applied 
Energy, 108, 45–53.  
Lee, K., Lee, S. Y., Praveenkumar, R., Kim, B., Seo, J. Y., Jeon, S. G., … Oh, Y. K. 
(2014). Repeated use of stable magnetic flocculant for efficient harvest of 
oleaginous Chlorella sp. Bioresource Technology, 167, 284–290.  
Letelier-Gordo, C. O., Holdt, S. L., De Francisci, D., Karakashev, D. B., & 
Angelidaki, I. (2014a). Effective harvesting of the microalgae Chlorella 
protothecoides via bioflocculation with cationic starch. Bioresource 
Technology, 167, 214–218. 
Letelier-Gordo, C. O., Holdt, S. L., De Francisci, D., Karakashev, D. B., & 
Angelidaki, I. (2014b). Effective harvesting of the microalgae Chlorella 
protothecoides via bioflocculation with cationic starch. Bioresource 
Technology, 167, 214–8.  
85 
 
Li, F., Wichmann, K., & Otterpohl, R. (2009). Review of the technological 
approaches for grey water treatment and reuses. Science of The Total 
Environment, 407(11), 3439–3449.  
Li, Y., Chen, Y.-F., Chen, P., Min, M., Zhou, W., Martinez, B., … Ruan, R. (2011). 
Characterization of a microalga Chlorella sp. well adapted to highly 
concentrated municipal wastewater for nutrient removal and biodiesel 
production. Bioresource Technology, 102(8), 5138–5144.  
Lim, J. K., Chieh, D. C. J., Jalak, S. A., Toh, P. Y., Yasin, N. H. M., Ng, B. W., & 
Ahmad, A. L. (2012). Rapid magnetophoretic separation of microalgae. Small, 
8(11), 1683–1692.  
Liu, H., Zhu, M., Gao, S., Xia, S., & Sun, L. (2014). Enhancing denitrification 
phosphorus removal with a novel nutrient removal process: Role of 
configuration. Chemical Engineering Journal, 240, 404–412.  
Loh, M., & Coghlan, P. (2003). Domestic Water Use: In Perth, Western Australia. 
Perth, Australia. 
Mata, T. M., Martins, A. A., & Caetano, N. S. (2010). Microalgae for biodiesel 
production and other applications: A review. Renewable and Sustainable 
Energy Reviews.  
Mata, T. M., Melo, A. C., Meireles, S., Mendes, A. M., Martins, A. a., & Caetano, N. 
S. (2013). Potential of microalgae scenedesmus obliquus grown in brewery 
wastewater for biodiesel production. Chemical Engineering Transactions, 32, 
901–906.  
Min, M., Wang, L., Li, Y., Mohr, M. J., Hu, B., Zhou, W., … Ruan, R. (2011). 
Cultivating chlorella sp. in a pilot-scale photobioreactor using centrate 
wastewater for microalgae biomass production and wastewater nutrient 
removal. Applied Biochemistry and Biotechnology, 165(1), 123–137.  
Mohamed, R. M. S. R., Chan, C. M., Senin, H., & Kassim, A. H. M. (2014). 
Feasibility of the direct filtration over peat filter media for bathroom greywater 
treatment, 5(6), 2021–2029. 
 
86 
 
Mohamed, R. M. S. R., Kassim, A. H. M., Anda, M., & Dallas, S. (2013). A 
monitoring of environmental effects from household greywater reuse for garden 
irrigation. Environmental Monitoring and Assessment, 185, 8473–8488.  
Mohamed, R. M. S. R., Rahman, N. A., & Kassim, A. H. M. (2014). Moringa 
Oleifera and Strychnos Potatorum Seeds as Natural Coagulant Compared with 
Synthetic Common Coagulants in Treating Car Wash Wastewater : Case Study 
1. Asian Journal of Applied Sciences, 02(05), 693–700. 
Molina Grima, E., Belarbi, E. H., Aci??n Fern??ndez, F. G., Robles Medina, A., & 
Chisti, Y. (2003). Recovery of microalgal biomass and metabolites: Process 
options and economics. Biotechnology Advances, 20(7-8), 491–515.  
Munir, N., Sharif, N., Naz, S., & Saleem, F. (2013). Harvesting and Processing of 
Microalgae Biomass Fractions for Biodiesel Production ( a Review ), 32(3), 
235–243. 
Olguin, E. J. (2003). Phycoremediation: Key issues for cost-effective nutrient 
removal processes. Biotechnology Advances, 22(1-2), 81–91.  
Oliver, R. L., & Ganf, G. G. (2000). Freshwater blooms In: The ecology of 
cyanobactria, their diversity in time and space. (B. Whitton & M. Potts, Eds.) 
(eds.). Kluwer Academic publishers. 
Parlevliet, D., & Moheimani, N. (2014). Efficient conversion of solar energy to 
biomass and electricity. Aquatic Biosystems, 10(1), 4. doi:10.1186/2046-9063-
10-4 
Phang, S. M., Miah, M. S., Yeoh, B. G., & Hashim, M. a. (2000). Spirulina 
cultivation in digested sago starch factory wastewater. Journal of Applied 
Phycology, 12, 395–400.  
Pidou, M., Avery, L., Stephenson, T., Jeffrey, P., Parsons, S. a., Liu, S., … Jefferson, 
B. (2008). Chemical solutions for greywater recycling. Chemosphere, 71(1), 
147–155. 
Prathapar, S. A., Jamrah, A., Ahmed, M., Al Adawi, S., Al Sidairi, S., & Al Harassi, 
A. (2005). Overcoming constraints in treated greywater reuse in Oman. 
Desalination, 186(1-3), 177–186.  
87 
 
Prihandrijanti, M., & Firdayati, M. (2011). Current Situation and Considerations of 
Domestic Waste-water Treatment Systems for Big Cities in Indonesia (Case 
Study: Surabaya and Bandung). Journal of Water Sustainability, 1(2), 97–104. 
Pushparaj, B., Pelosi, E., Torzillo, G., & Materassi, R. (1993). Microbial biomass 
recovery using a synthetic cationic polymer. Bioresource Technology, 43(1), 
59–62.  
Rao, P. H., Kumar, R. R., Raghavan, B. G., Subramanian, V. V, & Sivasubramanian, 
V. (2011). Application of phycoremediation technology in the treatment of 
wastewater from a leather-processing chemical manufacturing facility, 37(1), 7–
14. 
Rashid, N., Rehman, S. U., & Han, J. I. (2013). Rapid harvesting of freshwater 
microalgae using chitosan. Process Biochemistry, 48(7), 1107–1110.  
Rawat, I., Ranjith Kumar, R., Mutanda, T., & Bux, F. (2011). Dual role of 
microalgae: Phycoremediation of domestic wastewater and biomass production 
for sustainable biofuels production. Applied Energy, 88(10), 3411–3424.  
Richmond, A. (2004). Handbook of microalgal culture: biotechnology and applied 
phycology/edited by Amos Richmond. Orton.Catie.Ac.Cr, 472.  
Rubio, J., Souza, M. L., & Smith, R. W. (2002). Overview of flotation as a 
wastewater treatment technique. Minerals Engineering, 15(3), 139–155.  
Sadri Moghaddam, S., Alavi Moghaddam, M. R., & Arami, M. (2010). 
Coagulation/flocculation process for dye removal using sludge from water 
treatment plant: Optimization through response surface methodology. Journal of 
Hazardous Materials, 175(1-3), 651–657.  
Salim, S., Bosma, R., Vermuë, M. H., & Wijffels, R. H. (2011). Harvesting of 
microalgae by bio-flocculation. Journal of Applied Phycology, 23(5), 849–855.  
Sapana, M. M., Sonal, G. C., & Raut, P. (2012). Use of Moringa oleifera (Drumstick) 
seed as natural absorbent and an antimicrobial agent for ground water treatment. 
Research Journal of Recent Sciences, 1(3), 31–40.  
Schlesinger, A., Eisenstadt, D., Bar-Gil, A., Carmely, H., Einbinder, S., & Gressel, J. 
(2012). Inexpensive non-toxic flocculation of microalgae contradicts theories; 
88 
 
overcoming a major hurdle to bulk algal production. Biotechnology Advances, 
30(5), 1023–1030.  
Sharma, G. K., Khan, S. A., Malla, F. A., & Gupta, N. (2014). Nutrient sequestration 
and phycoremediation of sewage waste water by selective microalgae, 5(4), 
623–626. 
Shen, Y., Yuan, W., Pei, Z., & Mao, E. (2008). Culture of microalga botryococcus in 
livestock wastewater. Transactions of the Asabe, 51, 1395–1400.  
Show, K. Y., Lee, D. J., & Chang, J. S. (2013). Algal biomass dehydration. 
Bioresource Technology, 135, 720–729.  
Show, K. Y., Lee, D. J., Tay, J. H., Lee, T. M., & Chang, J. S. (2015). Microalgal 
drying and cell disruption - Recent advances. Bioresource Technology, 184, 
258–266.  
Singh, R. N., & Sharma, S. (2012). Development of suitable photobioreactor for 
algae production - A review. Renewable and Sustainable Energy Reviews.  
Sivakumar, D. (2013). Adsorption study on municipal solid waste leachate using 
Moringa oleifera seed. International Journal of Environmental Science and 
Technology, 10(1), 113–124.  
Soeprobowati, T. R. (2014). Phycoremediation of Pb+2, Cd+2, Cu+2, and Cr+3 by 
Spirulina platensis (Gomont) Geitler. American Journal of BioScience, 2(4), 
165.  
Tebbutt, T. H. Y. (1998). Principles of Water Quality control (5th Editio.). Woburn, 
UK: Butterworth Heinemann. 
Teh, X. Y., Poh, P. E., Gouwanda, D., & Chong, M. N. (2015). Decentralized light 
greywater treatment using aerobic digestion and hydrogen peroxide disinfection 
for non-potable reuse. Journal of Cleaner Production, 99, 305–311.  
Teixeira, C. M. L. L., Kirsten, F. V., & Teixeira, P. C. N. (2012). Evaluation of 
Moringa oleifera seed flour as a flocculating agent for potential biodiesel 
producer microalgae. Journal of Applied Phycology, 24(3), 557–563.  
Toh, P. Y., Yeap, S. P., Kong, L. P., Ng, B. W., Chan, D. J. C., Ahmad, A. L., & 
Lim, J. K. (2012). Magnetophoretic removal of microalgae from fishpond 
89 
 
water: Feasibility of high gradient and low gradient magnetic separation. 
Chemical Engineering Journal, 211-212, 22–30. 
Tripathi, P. N., Chaudhuri, N., & Bokil, S. D. (1976). Nirmali seed a naturally 
occurring coagulant. Indian J. Environ. Health, 18(4). 
Uduman, N., Qi, Y., Danquah, M. K., Forde, G. M., & Hoadley, A. (2010). 
Dewatering of microalgal cultures: A major bottleneck to algae-based fuels. 
Journal of Renewable and Sustainable Energy, 2(1).  
Utsev, T. (2011). Feasibility of a Filtration-Adsorption Grey Water Treatment 
System for Developing Countries. Journal of Waste Water Treatment & 
Analysis, s1(01), 1–6.  
Vandamme, D., Foubert, I., Meesschaert, B., & Muylaert, K. (2010). Flocculation of 
microalgae using cationic starch. Journal of Applied Phycology, 22(4), 525–
530.  
Vandamme, D., Foubert, I., & Muylaert, K. (2013). Flocculation as a low-cost 
method for harvesting microalgae for bulk biomass production. Trends in 
Biotechnology, 31(4), 233–239.  
Vijayakumar, V., & Hindumathy, C. K. (2013). Invitro Anti-Inflammatory Activity 
of Strychnos Potatorum Linn Seed By Hrbc Membrane Stabilization, 1(June), 
2320–2322. 
Vijayaraghavan, G.; Sivakumar, T.; Vimal Kumar,  a. (2011). Application of Plant 
Based Coagulants for Waste Water Treatment. International Journal of 
Advanced Engineering Research and Studies, 1(1), 88–92.  
Wan, C., Alam, M. A., Zhao, X.-Q., Zhang, X.-Y., Guo, S.-L., Ho, S.-H., Bai, F.-W. 
(2015). Current progress and future prospect of microalgal biomass harvest 
using various flocculation technologies. Bioresource Technology, 184, 251–257.  
Wang, J.-P., Chen, Y.-Z., Ge, X.-W., & Yu, H.-Q. (2007). Optimization of 
coagulation–flocculation process for a paper-recycling wastewater treatment 
using response surface methodology. Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 302(1-3), 204–210.  
Wang, J.-P., Chen, Y.-Z., Wang, Y., Yuan, S.-J., & Yu, H.-Q. (2011). Optimization 
90 
 
of the coagulation-flocculation process for pulp mill wastewater treatment using 
a combination of uniform design and response surface methodology. Water 
Research, 45(17), 5633–5640.  
Wilde, E. W., Benemann, J. R., Weissman, J. C., & Tillett, D. M. (1991). Cultivation 
of algae and nutrient removal in a waste heat utilization process. Journal of 
Applied Phycology, 3(2), 159–167.  
Zhang, X., Hu, Q., Sommerfeld, M., Puruhito, E., & Chen, Y. (2010). Harvesting 
algal biomass for biofuels using ultrafiltration membranes. Bioresource 
Technology, 101(14), 5297–5304. 
Zimmerman, W. B., Tesa??, V., & Bandulasena, H. C. H. (2011). Towards energy 
efficient nanobubble generation with fluidic oscillation. Current Opinion in 
Colloid and Interface Science, 16(4), 350–356. 
 
 
 
 
 
